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Deformation of bearing surfaces, II. 
1. Introduction. 
The following computations were performed on request of the 
Royal Shell Laboratory at Delfto See your introductory commission 
The subject is concerned with the elastic deformation of bearing 
surfaces, embodied in the following reports: 
1 The elastic deformation of the surface of a half space 11r1der 
the hydrodyna.rr1ic pressure distribution., going with a parabolic 
lubrication-film IM 524 by H. Blok and J.W. Cohen. 
On the elastic hydrodynamic 
gear teeth. By H. Blok. 
problem of the lubrication of spur 
• 
3 Deformation of bearing surfaces, R 51 by the Computation 
Department of the Mathematical Centre. 
2. Method and range of the computations. 
The specified task was: 
1 . To determine x 1 in the neighbourhood of x kin such a way that 
., 
' 
o, 2., 1 : 
to state the values 
defined by see 2 formula 64 
2 
for the area x 
2 C To determine the function ln 1-G t 
in which 
A 2 











2, 7 , 
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and this for a number of further specified values of the parair:eter 
G arid at the same time for N ::: O 0.2 12.2. the relation between G 





It was necessary to compute separately the values of N for 
-1 
G ·· For the fortnulaa see , 2 · . 
. T'o deter1nine the function y x,G·, defined by 
-1 
ln · 1 -G · t · ln 
-k 
for x = k and x = O, 
and G having the values that corI~spond with N 
Finally the first and second derivative with 1-eapeot to x of the 
function y.x,G was computed, x and G having the values n1entioned 
above. 
For the computations the improper integrals . 2,3 an,d 2,9 .· were 
transformed by means of the transformation 
• . t .. 
Now: 
and 









-~ "" I 
sin s 
2,10 
the function p s 
sin 4 8 + 2 sin 2 s + 1-3 k2 8. 2, 11 
ds 
,. "-~-,. , 
sins 
2., 12 .· 
arcta.n k 
log 1 - Gp s 
. 2 ds 
log _ x - cot s -
G is not improper in the point s ... O, for 
8 
3 G s 
2 s ... 
2, 13 
2,14 
arccot k,the integrand of 2,12 contains a logarithmic 
singularity, amounting to • 
- a c • ~ , :ac "" 
sin a0 
Thia difficulty has been surmounted by the method descr1b•ed 1n 
The integra.r1d in .·.2.,13: also •Contains a logarithmic singular1· , 
in cot 
- 3 -
This logarithmic character of the singularity disappears in evaluatinf 
the derivatives with respect to x. 




lo 1-G a 
x-cot s sins 
which is a principal value in the sense of Cauchy. 
Now we expand the integrand into a series 
a ' -1 
--+ u 
2 u . . . ., 
in which u s -








·. 2, 16 · 
2 17 , 
numerically. The difference between the two evaluations is the error 
that is made by determining 2, 15· via the way of numerical inte-
gration. 
The forrmJ.la for y''· x.,G is: 
lt ~ +arctan k 
log.·1-G p·.s ·• - log· 1 - Gp a 0 ··. -
ds 
_PIHi.Ji ill iii ~ Ii I II 2 7 I I ., • 
x-cot s sin s 
2, 18 • 















lo ·. -G 
x-cot s sins 
1-G p s ds + 
x-cot s sins 
·x-cot s sins 
differentiation with 
t 
d s ds d 
X x-cot s sins 
in which b n dx • 
-E. 
3 + • • • 
ds , 
respect to x. 
a_1 
--+ u a + 0 
2 3 + t, + .•• 
- 4 -
Therefore, 
so+£ - , 












log 1-G p s 
x- cots 
0 
log 1-G p s 
sins 
log 
l I I • ■ S I 
x-cot 
sin 




x-cot s. sin s 
When, in 
assume that 
a similar manner, we differentiate the last integral and 
• 
lim~- ~Owe find 2,18. 
For the case x = o, this new-round integral is again an integral 
of which the principal value has to be considered, for x = k the 
integrand is regular. 
3. Numerical results. 
All results have an error of at 
that is stated. Here and there it 
figures than was necessary for the 
that figures sometimes drop off. 
For x 1 was found 
0,384043 
and 
most one unit of the last figure 
proved necessary to use more 
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1 , 718,48 
1, 74021 
1, 76206 
































































- 3. 972 
Y' x,G 
- 1.4716 
004 1 • 7283 
- 2 .. 0035 
- 2.2970 
- 2.6097 














- 2. 471 
- 5 .. 364 
- 8.920 
-12. 81 
-16.76 
-20,7 
